The late regions of the T7 and T3 bacteriophage genomes are transcribed by phage-specified RNA polymerases, the products of gene 1. Although these phage transcriptional systems share many characteristics and are obviously related, they have diverged to such an extent that neither of their respective RNA polymerases utilizes the promotor sites of the other phage at an appreciable rate. However, it is possible to construct viable T7/T3 hybrids which have hybrid gene 1 sequences; the resultant hybrid enzymes exhibit altered transcriptional patterns in that they are capable of transcribing both T7 and T3 DNA to various degrees. The aim of this study was to define more closely the region(s) of the gene 1 sequence which encodes the transcriptional selectivity determinant by correlating the genetic constitution of these hybrid gene 1 sequences with their transcriptional properties. The recombinant sites within the gene 1 regions of several T7/T3 hybrids were mapped by using restriction sites as genetic markers. The results indicated that forcing a crossover event within a particular region often results in the inadvertant selection of additional genetic rearrangements. Several of the hybrid gene 1 sequences were found to have resulted from multiple crossover events, even though only one was directly selected for. In some cases the predicted crossovers were not detected; instead, several hybrids contained recombination sites elsewhere in the gene 1 region. These findings suggest that only certain combinations of T7/T3 gene 1 sequences are compatible; it may be that active hybrid T7/T3 gene 1 sequences rarely result from single genetic rearrangements. Taken together, the results of this study suggest that more than one region of the gene 1 sequence is involved in transcriptional selectivity. More specifically, the region from approximately 25 to 59% (from the left of the gene), together with the carboxyl end, appears to play an important role.
The late regions of the T7 and T3 bacteriophage genomes are transcribed by phage-specified RNA polymerases, the products of gene 1. Although these phage transcriptional systems share many characteristics and are obviously related, they have diverged to such an extent that neither of their respective RNA polymerases utilizes the promotor sites of the other phage at an appreciable rate. However, it is possible to construct viable T7/T3 hybrids which have hybrid gene 1 sequences; the resultant hybrid enzymes exhibit altered transcriptional patterns in that they are capable of transcribing both T7 and T3 DNA to various degrees. The aim of this study was to define more closely the region(s) of the gene 1 sequence which encodes the transcriptional selectivity determinant by correlating the genetic constitution of these hybrid gene 1 sequences with their transcriptional properties. The recombinant sites within the gene 1 regions of several T7/T3 hybrids were mapped by using restriction sites as genetic markers. The results indicated that forcing a crossover event within a particular region often results in the inadvertant selection of additional genetic rearrangements. Several of the hybrid gene 1 sequences were found to have resulted from multiple crossover events, even though only one was directly selected for. In some cases the predicted crossovers were not detected; instead, several hybrids contained recombination sites elsewhere in the gene 1 region. These findings suggest that only certain combinations of T7/T3 gene 1 sequences are compatible; it may be that active hybrid T7/T3 gene 1 sequences rarely result from single genetic rearrangements. Taken together, the results of this study suggest that more than one region of the gene 1 sequence is involved in transcriptional selectivity. More specifically, the region from approximately 25 to 59% (from the left of the gene), together with the carboxyl end, appears to play an important role.
It is of interest to define the way in which RNA polymerases interact with promoters, discriminating between promoters and nonpromoters and interacting at different rates with different promoters. One molecular genetic approach to this problem entails the isolation and study of RNA polymerase mutants and promoter mutants, correlating structural and functional changes to identify chemical groups on either the RNA polymerase or the promoter which affect the interaction between them. This approach of using promoter mutants has been valuable in identifying significant structural elements in promoters for Escherichia coli RNA polymerase (32) .
By comparison, little progress has been made on molecular genetic studies of the elements in RNA polymerase which affect promoter selectivity, since few RNA polymerase mutants are available in which the mutated RNA polymerase differs from the wild type in its capacity to react with promoters. One possible example is the alt-I mutation which affects the or subunit and alters the transcriptional specificity of E. coli RNA polymerase (37) .
An alternative molecular genetic approach to the structural basis of promoter selectivity was initiated by Beier and Hausmann (5) . They chose to study the phage RNA polymerases of T7 and T3 by using recombination rather than mutation to generate RNA polymerase variants. A similar approach has been used in studies of genes 37 and 38 in T2 and T4 (3) and of genes 0, P, and Ori in A and P22 (11, 12) . In these cases and in the case of the RNA polymerases of T7 and T3, the genes and proteins are sufficiently homologous to permit the formation of active hybrid, but sufficiently different to allow functional discrimination. Hybrid studies of this kind have also been used more recently to assess the significance of amino acid differences in homologous tryptophan synthetase a-polypeptides (31) .
The T7 (and T3) RNA polymerase is coded for by an early gene, gene 1, which is itself tran-HYBRID PHAGE RNA POLYMERASE GENES scribed by the host RNA polymerase. The V7 enzyme transcribes the late genes from a series of promoters, most, if not all, of which have been sequenced (25, 26, 27, 28) . The T7 RNA polymerase is very different from the E. coli RNA polymerase, being composed of a single subunit (6) of molecular weight 98,092 (33) , and the T7 RNA polymerase promoters, although closely related to each other (27, 28) , are also different from the E. coli promoters (32) . The T7 and T3 RNA polymerases are similar in size, but although each transcribes the heterologous DNA (9), they differ markedly in promoter selectivity. The Ti enzyme transcribes T3 DNA mainly from a promoter which is not recognized significantly by the T3 enzyme (13, 29) . The T3 enzyme, on the other hand, transcribes T7 DNA inefficiently from the T7 RNA polymerase promoters (14) . Several T3 RNA polymerase promoters have recently been sequenced (1, 7); although they differ from the T7 consensus class III sequence, they share with it a region of strong homology stretching from -9 to +4 (7).
Phages coding for recombinant T7173 RNA polymerases have been constructed by forcing crossovers between amber mutations in the structural genes for the RNA polymerase (4, 5, 16) . T7 and T3 gene 1 amber mutants crossed in a permissive suppressor-containing host give rise to progeny which, if reversions do not occur, are expected to code for recombinant RNA polymerases. The RNA polymerases of progeny from such crosses have been tested for their ability to transcribe both phage DNA molecules. A variety of RNA polymerase activities are observed (4, 5, 16) . They are classified as T7-like or T3-like on the basis of which phage DNA is the most effective template and also on the ratio of their activities on the two templates (the heterologous activity).
Many such hybrids have been constructed by using different pairs of T7 and T3 gene 1 amber mutations. The map positions or the sizes of the amber fragments are known, so it is possible to predict the position of the crossover expected to occur in the formation of each hybrid. Thus, each recombinant enzyme is expected to contain two segments, one coded by T7 DNA and one coded by T3 DNA, with the boundary between them defined by the expected position of the crossover.
The results of Beier and Hausmann (5) and of Hausmann and Tomkiewicz (16) led to the deduction that transcriptional selectivity is controlled by a small region near the C terminus of the enzyme between 0.7 and 0.78 fractional units on the physical map of the enzyme, which is a region corresponding to about 75 amino acids.
In this study we used restriction enzymes to map the recombination events on the DNA map as a prelude to sequencing the region of the DNA that specifies promoter selectivity. Eight hybrid phages formed by different crosses were studied. Some exhibited a preference for T7 DNA, whereas others exhibited a preference for T3 DNA; some had high heterologous activity, whereas others had low activity. We discovered that the genetic constitution of each hybrid gene 1 region differed significantly from that predicted from the positions of the amber mutations in the parental phage. Promoter selectivity may be a function of more than one region of the polypeptide chain of the enzyme.
MATERIALS AND METHODS
Bacterial and phage strains. T7 and T3 wild-type phages were obtained from F. W. Studier (Brookhaven National Laboratory, Upton, N.Y.) and R. Hausmann (University of Freiburg, Germany). The two T3 stocks were found to be identical with respect to the restriction sites examined. However, Hausmann's T7 strain was found to have a deletion of approximately 1,2% base pairs (estimated from HaelII, Hindll, HpaI, and DpnII restriction analyses) located in its early gene region when compared with Studier's strain, which was in agreement with the findings of Studier (34) . The T7 and T3 deletion mutants used were obtained from Studier; all of the T7T3 hybrids were gifts from Hausmann. Figure 1 illustrates the expected genetic constitution of the gene 1 region of these hybrids on the basis of the T7 and T3 amber mutants used in their construction. All of the phages mentioned above were propagated on E. coli B, with the exception of the T3 gene 0.3 deletion mutants, which were grown on the r-strain, E. coli K-12 ED8612. The bacterial strains were obtained from Studier, except ED8612 which was from W. Brammar.
Methods. Procedures for preparation of DNA, restriction cutting, and subsequent gel electrophoresis were as described by Gordon et al. (15) . Agarose gels were used to separate the larger DpnII restriction fragments. DpnII and HpaI were obtained from Bethesda Research Laboratories; HaeIII, HpaII, Hindll, and ThaI (22) were isolated by the procedure of Humphries et al. (18) . The Hindll preparation routinely was purified from exonuclease contamination by sedimentation through a glycerol gradient. This was not found to be necessary for the other enzyme preparations. DNA fragments were recovered from polyacrylamide gels by the procedure described by McConnell (20) . Siliconized glassware was used throughout. Further purification of the recovered fragments on CsCl gradients was found to be necessary for restriction cutting. (10, 33) . These seven and Tom-fragments are distributed in the T7/T3 hybrids as if they are ordered L2-(04, R2, U2)-06-C2-03.
The HaeIII map of the right end of T3 gene 1 was aligned with the T7 HaeIII map with respect to the properties of the deletion mutants of Studier and Movva (35) and on the assumption on T7 and that the site at the right end of the T3 HaeIII restriction fragment 03 lies in the sequence at the end of K (Fig. 3) , gene 1 which specifies the RNase III cleavage in agree-sequence. Five of six known T7 RNase III et al. (36) cleavage site DNA sequences include a HaeIII ice of the sequence (10). On this assumption, the HaeIII site at the right end of T3 HaeIII fragment 03 is of deletion homologous with the HaeIII site at the right end ,estriction of T7 HaeIII fragment El. This alignment is . The T3 consistent with the crossover data. Bailey et T7/T3 hybrid restriction data for HpaI. Eight and Hin-hybrids were chosen for study. They are derived nts span-from three different crosses (Fig. 1 ). R43 and th digests R46 are from Beier and Hausmann (5) , and the ( Fig. 4) , three Rb and three Rc hybrids are from Hausmaps for mann and Tomkiewicz (16) . They have been characterized as having a preference for T7 ligned by DNA (R46, RclO, Rcll, and Rc38) or for T3 . (2) and DNA (Rb9, Rb37, and Rb38) and as having fragments various degrees of heterologous activity (the (23, 36) and are consistent with the sequence data for this region (33) . The T3 HpaI map is in agreement with that of Bailey et al. (2) . ratio of the lower to the higher activity). The R43 polymerase activity is not detectable in vitro (5) . All hybrids tested except R46 differ from both parental enzymes in heterologous activity (5, 16 ).
The DNA from each phage was analyzed with restriction enzymes to locate crossovers which occurred in the construction of the hybrids. In the discussion which follows, a fragment from a hybrid which has the same mobility as a T7 (or Hindll restriction digests of T3 and the T3 deletion mutants RI, R16, R14, LG114, and LG102, originally described by Studier and Movva (35 (23) , whereas those on the left indicate the T3 Hpal fragments described by Bailey et al. (2) . T3) fragment from the corresponding region of the DNA is referred to by the T7 (or T3) nomenclature even though it may contain both T7 and T3 sequences.
DNA from each phage was digested in the first instance with HpaI. The digests of the hybrid DNAs were electrophoresed in parallel with T7 and T3 DNA (Fig. 5 ) and in some cases in the same slot as T7 or T3 DNA to ascertain whether fragments had identical electrophoretic mobility (Fig. 6) . The results for the HpaI fragments from the gene 1 region are classified in Table 1 and Fig. 7 . With the exceptions of RclO and Rcll, which seem to have their gene 1 sequences derived entirely from T7, the gene 1 region of each hybrid is composed of some fragments with mobility identical to that of T7 fragments and some with mobility identical to that of T3 fragments. As expected, if a hybrid had a T7-like fragment from a particular region of gene 1, it lacked the T3-like fragment(s) from that region, and vice versa. The data demonstrate that crossovers have occurred in the formation of these six hybrids.
The HpaI data can be used to localize a crossover to either the left one-third or the right two-thirds of gene 1 and to establish the direction of a crossover, i.e., whether the crossover T3 HaeIII digest and the HaeIII digestion products of T3 DpnII fragment C; this confirmed the relative mobility of the recleavage products. Track . ' The new hybrid fragments of sizes 2,100 base pairs (in Rc38 and Rcll) and 6,000 base pairs (in Rb9, Rb38, and Rc1O) were mapped to the late region (Ryan and McConnell, in preparation). The other new recombinant fragments, two in R46 (1,400 and 3,400 base pairs) and one in Rb9 (2,900 base pairs), span the early region. Their exact positions are described in the text. In R46, the HpaI digest had a fragment equivalent to the T7 fragment G from the right end but no fragments corresponding to either T7 or T3 fragments from the left end. It had two new fragments, of 1,400 and 3,400 base pairs, which must cover the left end of gene 1 and the remainder of the DNA to the left end of the molecule. No further crossovers were found in the late region of R46 (Ryan and McConnell, unpublished data). The new fragment of 1,400 base pairs, which has the same electrophoretic mobility as T7 HpaI fragment L (Fig. 6 ), can be explained by the occurrence of a crossover from T3 to T7 in the region spanned by T3 HpaI fragment K. This would create a HpaI fragment of 1,430 base pairs. The other new fragment, of 3,400 base pairs, can be explained by the occurrence of crossover from T7 to T3 within T3 HpaI fragment F, although not necessarily within gene 1. These two explanations, which were confirmed by analyses of other digests (see below), are not in accord with predictions based on the positions of the amber mutations used in the cross. These were T7 amH280 at 0.67 fractional units of gene 1 and T3 amH222 at 0.92 units, both in the right one-third of the gene. There was no crossover apparent in this region.
The hybrid Rb9 contained the T3 HpaI fragments L and H from the right end, but no fragments corresponding in length to the T7 or T3 fragments from the left end. It had two new fragments, one of 6,000 base pairs which comes from the late region (Ryan and McConnell, unpublished data) and another of 2,900 base pairs which has the same mobility as does T3 HpaI fragment E. This new fragment of 2,900 base pairs can be explained by the occurrence of a crossover from T7 to T3 within T3 HpaI fragment K, i.e., in the left one-third of gene 1. According to the positions of the amber mutations used in the cross, there should have been a crossover from T7 to T3, but in the right end of gene 1.
The hybrid Rc38 contained the T3 HpaI fragments F, K, and L from the left end and the T7 HpaI fragment G from the right end, which accounts for all of gene 1. This array of fragments can be explained by the occurrence of a crossover from T3 to T7 in the region covered by T3 fragments L and H. This is in the opposite direction to that expected on the basis of the amber mutants used in the cross. The observed crossover has the effect of fusing the left end of T3 gene 1 to the right end of T7 gene 1.
In summary, the HpaI data provide physical evidence that crossovers have occurred in the gene 1 regions of T7 and T3 during the formation of six of the eight hybrids. These events are illustrated in Fig. 7 . No gene 1 crossovers were apparent in RclO or Rcll; in R46 and Rb9 the crossovers which were observed have occurred in unexpected regions; in Rc38 the crossover has occurred in the unexpected direction; and in R43 the T3 HpaI fragment "K" is slightly smaller than expected. In other words, all digests except those of Rb37 and Rb38 revealed obvious anomalies.
T7/T3 hybrid restriction data for Hindll, HaeIII, HpaII, and ThaI. To resolve, if possible, the anomalies revealed by the HpaI data and to localize more precisely the positions of those crossovers which had been detected, other restriction data were collected, in particular from HaeIII and HindII digests. These data are summarized in Table 2 (see also Fig. 8) . The HaeIII and Hindll data are consistent with the T7 and T3 restriction maps for this region as aligned in Fig. 3 ; restriction digests of each hybrid DNA contained either the T7 DNA gene 1 fragments or the T3 gene 1 fragments spanning a given segment of gene 1, but never both. For example, the HindII digest of Rb37 contained the T7 fragments K7 and J2 from the left end, but not the T7 fragments S, M2, IS, or Dl from the right end. It did contain the T3 fragments Ml and G2 from the right end, but not the T3 fragments C2, H3, or 13 from the left end. The presence or absence of the T7 HindII fragment G2 in the center of gene 1 was not determined for the hybrids because the G segment of the gel contains five fragments which are difficult to distinguish.
R46 (36) , whereas those on the right refer to the T3 HaeIII fragments (see Fig. 2 ).
to be defined more precisely as being between positions 4,744 and 4,904.
R43 hybrid. The HpaI digest had revealed a crossover from T3 to T7 in the right two-thirds of the gene. This was confirmed by the HaeIII and HindlI digests (Table 2 ). R43 had the T3 HaeIII fragments L2, R2, U2, and 06 from the left end but not C2 from the right end. It had the T7 HindIl fragments 15 and Dl from the right end but not K7, J2, S, or M2 from the left end. Assuming that the T7 HindIl site at position 5,112 is homologous to the T3 HindII site between fragments Ml and G2, these data localize this crossover to between positions 4,904 and 5,669.
The T3 HpaI fragment "K" in the digest of R43 had been found to be slightly smaller (HindII fragment H3) .
There are at least two possible explanations for the small change. First, a small deletion, by unequal crossing over or by mutation, may have arisen in R43 gene 1 within the HindIl fragment H3 during or after the formation of R43. Second, this region of T3 gene 1 and T7 gene 1 may differ by the equivalent of a small deletion, and a T7 segment containing the "deletion" may have been transferred into the T3 HindIl fragment H3 by two closely linked crossovers. There was no helpful information in the HaeIII digest on this matter; we were not able to determine the presence or absence of T3 HaeIII fragment 04, which might have been useful because it might lie in the region in question.
Rb9 hybrid. The HpaI data had revealed a single crossover for Rb9, which was located between positions 3,417 and 4,197. A HindII analysis defined the left-end limit of this event more precisely as position 3,838 (because Rb9 had T7 HindIl fragment J2). A HaeIII analysis defined the right-end limit as position 4,053 (Rb9 had T3 HaeIII fragment C2, which means it must contain the T3 HaeIII site at position 4,053) and the left-end limit as position 3 Rcll by using these restriction sites.
b The number refers to the particular crossover indicated in Fig. 7 .
c +, Crossover detected by using the enzyme; -, crossover not detected.
d Determined from the data in Table 2 together with the T7 and T3 restriction maps in Fig. 3 (Table 3) . These restriction data show that both RclO and Rcll have their gene 1 regions derived completely from T7, although it had been expected from the design of the cross that the extreme right end should be derived from T3 to have recombined out the T7 amber mutation H486 at position 0.99.
In the case of Rc38, a crossover from T3 to T7 had been observed in the HpaI digest pattern to the right of position 4,197, i.e., in the opposite direction from that predicted. The HindII data (Table 2) confirmed this crossover and localized it more precisely to between positions 4,904 and 5,669. Rc38, like RclO and Rcll, appears to have the right end of gene 1 derived from T7, although the T7 phage used as parent in the cross had an amber mutation at position 0.99 at the extreme right end of gene 1.
We confirmed that the right ends of Rc1O, Rcll, and Rc38 are indeed predominantly from T7 by examining the HpaII and ThaI digests for three fragments lying between positions 5,622 and 5,902, i.e., spanning the extreme right-hand end of gene 1 (33) . All three phages had frag-J. VIROL. ments the same size as those in the T7 digest (Fig. 3) , i.e., HpaII fragments L2 and L3 and the ThaI fragment between positions 5,656 and 5,817.
A composite map of the DNA of the hybrid gene 1 sequences. The data presented here have been assembled in the form of a map of the gene 1 sequences of the hybrid phages (Fig. 9) . All rearrangements are shown as recombination events. In the case of those shown by asterisks, they must be regarded as hypothetical because they were not detected by restriction analyses. However, events must have occurred in these regions (two closely linked crossovers, small deletions, internal suppressors, or imperfect re-<- versions) to lose the amber mutations of the parental phage. Those detected by restriction analyses are numbered, and the enzymes that detected them are shown in Table 3 .
DISCUSSION
This study was undertaken to pursue further the scheme developed by Beier and Hausmann (5) and Hausmann and Tomkiewicz (16) of using T7/T3 hybrid RNA polymerases to investigate the functional anatomy of the RNA polymerases of the T7-like phage. Since the T7 and T3 RNA polymerases differ in transcriptional selectivity (13, 14, 29) , and analysis of the genes coding for hybrid enzymes was expected to yield information as to which regions of the RNA polymerase are responsible for this selectivity. Hausmann and his co-workers interpreted their data to suggest that the region of gene 1 between 0.7 and 0.78 fractional length units, a section coding for about 75 amino acids, is important in determining selectivity. In making this interpretation, they relied strongly on the assumption that the RNA polymerase genes of the hybrids they examined had been formed by a single recombination event in gene 1 that was required to recombine out the amber mutations from the parental T7 and T3 phages. The positions of these amber mutations in gene 1 were known from genetic mapping and from measuring the size of the amber peptides produced in the nonsuppressing host (5, 16) .
With the advent of DNA sequencing, it was appropriate to begin to analyze the base sequences thought to be responsible for transcriptional specificity. This sequencing task could, in principle, be simplified by identifying more precisely the physical limits of the region involved in selectivity. Since T7 and T3 have different restriction maps, the recombination events could be mapped to the DNA sequence by simply comparing the restriction maps of the hybrid gene 1 regions with those of the T7 and T3 parental phages. This technique of physical mapping of crossovers is possible in those situations in which two DNA sequences differ at a substantial number of restriction sites but still retain the ability to recombine (19, 24, 38, 39) to code for functional hybrid proteins. Although some restriction sites are conserved (Fig. 3) , most differ, and together the HpaI, HindII, and HaeIII enzymes provide 15 The results of the restriction analysis (Fig. 9 ) revealed that these hybrid phages have a more complex origin than could have been anticipated (5, 16) . In principle, each recombinant gene 1 could have arisen by a single crossover located in the right end of gene 1 between the positions of the parental amber mutations. This is not the case in any one of the eight hybrids examined.
In the cases of RclO and Rcd1, no crossovers were detected in gene 1. These phages are hybrids, however. Recombination was detected in both cases when HpaI and DpnII restriction fragments from the late region were examined (Ryan and McConnell, manuscript in preparation), and the crossovers involved were different in the two cases. The RclO and Rcll RNA polymerases have lower heterologous activity (0.3) than does wild-type T7 RNA polymerase (0.7) (16). The evidence suggests, therefore, that the hybrid RclO and Rcll RNA polymerase genes differ from that of the wild-type T7 and have arisen by imperfect reversions of the T7 amber mutation H486, by two crossovers located close together, or by some other kind of genetic event. It will be interesting to compare the DNA sequences at the 3' end of gene 1 in RclO and Rc1l with the wild-type T7 gene 1 sequence (33) and to carry out further biochemical studies on these enzyme activities. They probably differ only slightly from the wild-type T7 enzyme in sequence, but they are less effective than the T7 enzyme in transcribing T3 DNA.
In R43 and R46, crossovers were detected which can account for the elimination of the amber mutations of the parental phages. However, in R46, two additional crossovers were found. In R43, a second genetic rearrangement was found in the same region as the additional crossovers in R46. In the Rb series (Rb9, Rb37, and Rb38), one crossover was detected in gene 1 in each case, but none occurred in the expected place, i.e., as required to eliminate the parental T3 amber mutation N4. The Rc38 hybrid was formed as the result of a crossover, but this observed crossover does not eliminate the amber mutations T3 N108 and T7 H486.
In summary, the active hybrid gene 1 matically active RNA polymerase. RNA polymerase is a complex enzyme, one polypeptide carrying out the functions of promoter recognition, RNA chain initiation, propagation, and termination, and the enzymes from T7 and T3 do differ in promoter selectivity (7). It would not be surprising to find that such an enzyme cannot be varied much in structure at one step without affecting one of its several functions. Second, for a particular hybrid phage to be viable, the hybrid RNA polymerase must interact effectively with the range of phage promoters and terminators which are present in that hybrid. In other words, it must have a transcriptional capacity appropriate for the combination of T7 and T3 sequences present in that hybrid. This is a crucial constraint because the two parental enzymes differ in their transcriptional selectivity. Despite the high degree of conservation found to exist for both phage promoter sequences (7), a feature which probably also reflects the functional constraints of the phage enzymes, neither enzyme can utilize the promoter sites of the other phage at an appreciable rate (13, 14, 29) . It is therefore clear that some hybrid RNA polymerases are likely not to be compatible with some hybrid phage DNA. Indeed, Beier et al. (4) concluded that the sequences of the promoter sites for the major late RNA species I and Illa and of the RNA polymerase must be derived from the same parental genome to produce a viable recombinant genome. Of the hybrids examined here, all appear to have T7-specified promoter sites for the above-mentioned transcripts (Ryan and McConnell, in preparation), even though three of the hybrid enzymes (Rb9, Rb37, and Rb38) have a preference for T3 DNA as the template. It may be that this condition is critical only when the enzyme is T7 specific.
Possibly more relevant here are the phage polymerase promoters located immediately to the right of the T7 gene 1 sequence (41.1A and 44l.lB; their start sites are at positions 5,848 and 5,923, respectively) (10). It is possible that corresponding promoter sites are present in T3. If these were required to be of the same specificity as the enzyme, a fact that apparently holds for all the hybrids investigated here, then this could be important. Hausmann and Tomkiewicz (16) positioned the selectivity determinant at between 0.7 and 0.78 fractional gene 1 units. The data presented here, although basically in agreement, suggest that the limits of this region cannot be located more specifically than as being in the C-terminal one-third of the polypeptide. Nonetheless, there is a perfect correlation between the origin of the sequences preceding the C terminus and template preference (Fig. 9) In conclusion, the hybrid phage RNA polymerases have a much more complex genetic origin than originally expected. The multiple recombination patterns described were interpreted in terms of a need for particular combina-
